Problem {#s1}
=======

Current guidelines suggest monitoring for hepatitis B immunity and attempting to ensure adequate immunity for patients on chronic immunosuppressive therapy, ideally prior to the start of these therapies, with particular attention to those on biologics such as infliximab.[@R1] In our gastroenterology (GI) inflammatory bowel disease (IBD) and rheumatology programme at Cincinnati Children's Hospital Medical Center (CCHMC), we have identified a gap in our ability to reliably assess for hepatitis B virus (HBV) immunity and to properly ensure that patients who are lacking appropriate immune response receive appropriate booster vaccinations. Our aim was to develop a process to reliably complete HBV screenings on patients receiving infliximab within the paediatric GI and rheumatology divisions at the CCHMC. A search in the electronic medical record shared by the hospital found that of the 598 patients with IBD at the CCHMC, only 48% (n=286) have been screened for HBV immunity using anti-HBs alone ([figure 1](#F1){ref-type="fig"}), and of these only 35% (n=101) of the patients who were screened had documented immunity to HBV. Among our 62 rheumatology patients on infliximab, the majority of whom are diagnosed with juvenile idiopathic arthritis, there also was no set process to identify and screen them for hepatitis B immunity. None of these patients had a complete set of hepatitis B titres which also included Hep B Core antibody (anti-HBc) and Hep B Surface Antigen (HBsAg). We intended to use quality improvement methodology to improve hepatitis B screening and ultimately vaccination rates for this vulnerable population.

![Anti-HB screening assessment among entire inflammatory bowel disease (IBD) patient population at the Cincinnati Children's Hospital Medical Center.](bmjoq-2017-000092f01){#F1}

Background {#s2}
==========

Autoimmune conditions requiring immune suppression are among the most common chronic diseases in paediatric gastroenterology and rheumatology practices. Conditions such as ulcerative colitis and Crohn's disease, collectively referred to as IBDs, as well as juvenile idiopathic arthritis are chronic inflammatory disorders encountered frequently in paediatrics.[@R2] These diseases are debilitating conditions with unpredictable courses and challenging treatments.[@R2] Although immunosuppressive medications have resulted in improved outcomes, these therapies may place patients at increased risk of complications from potentially preventable infections such as hepatitis B.[@R4]

Vaccination for hepatitis B is currently performed in infancy, but can be completed later in life if necessary. Currently both licensed single-antigen hepatitis B vaccines administered intramuscularly produce a \>95% sero-protection rate in adolescents.[@R5] During 1995--2005, incidence of acute hepatitis B in the USA among children and adolescents declined by 94%, coincident with an increase in hepatitis B vaccination coverage.[@R5] Immunocompetent persons, even those vaccinated during infancy, who achieve appropriate anti-HBs concentrations (\>10 mIU/mL) after vaccination have virtually complete protection against both acute disease and chronic infection even if anti-HBs concentrations subsequently decline to \<10 mIU/mL.[@R7] Some vaccinations such as the hepatitis B vaccine may be less effective in patients with underlying immune conditions or who are already receiving immune suppressive therapy, in which a reduced persistence of immunological memory may be seen over time.[@R6] Although immunogenicity is lower among immunocompromised persons, those who achieve and maintain a protective antibody response before exposure to HBV have a high level of protection from infection.[@R5]

Despite the above improvements in vaccination efforts, hepatitis B infection remains a significant public health challenge. For patients receiving biological therapies such as anti-tumour necrosis factor alpha treatments, reactivation or newly acquired hepatitis B infection can be associated with an abrupt increase in HBV replication, jaundice, elevated serum aminotransferase levels and can pose a significant risk of morbidity and mortality in patients receiving these agents, with mortality rates reported as high as 25%.[@R13] One cross-sectional single-centre study evaluating 100 paediatric IBD patients on infliximab at a large, urban tertiary care facility demonstrated that a significant minority (13%) of study participants had not been vaccinated against the HBV and an additional 44% of previously vaccinated patients lacked protective anti-HBs levels.[@R4] Among these non-immune patients receiving HBV immunisation, only 14% of patients appeared at risk for HBV infection due to inability to elicit immunity to the virus.[@R11] Given risk of severe disease if affected, vaccination screening and immunisation for patients without protective antibodies represents an opportunity for disease prevention in this vulnerable population even if they have already started infliximab.

Baseline measurement {#s3}
====================

Our first baseline measurement was performed using the larger IBD population rather than the smaller rheumatology patients and found that in a population of 598 patients \<50% (286) had been screened with anti-HBs alone ([figure 1](#F1){ref-type="fig"}). We chose to narrow our scope to both rheumatology and gastroenterology patients receiving infliximab (n=237) since these were viewed as the highest risk patients and were followed up most regularly and rapidly for reassessment (every 4--8 weeks for infusions). Among the population receiving infliximab, we documented complete screening serology (including anti-HBc, anti-HBs and HBsAg) in 0% of patients at the onset of the project. Our team's specific, measurable, achievable, realistic, timely (SMART) aim was that by March 2016 we would increase the per cent of complete HBV screenings (all three titres) each week from 0% to 80% among patients with IBD and rheumatology receiving infliximab infusions at the CCHMC. Our global/long-term aim is to increase HBV immunity for immunocompromised patients seen at the CCHMC by improving vaccination rates for at-risk patients.

Design {#s4}
======

Prior to making changes to the current system, we identified key drivers that would optimise our system's ability to achieve and maintain a process for monitoring and improving hepatitis B screening and immunity ([figure 2](#F2){ref-type="fig"}). These drivers included an informed and activated team, a clearly identified population, timely and accurate recognition of results, standardised and complete care, appropriate communication with healthcare partners and patient access to the care team.

![Key driver diagram for hepatitis B screening. CCHMC, Cincinnati Children's Hospital Medical Center; HBV, hepatitis B virus; IBD, inflammatory bowel disease.](bmjoq-2017-000092f02){#F2}

Initial steps prior to designing interventions centred around a formal failure analysis ([figure 3A](#F3){ref-type="fig"}), Pareto analysis ([figure 3B](#F3){ref-type="fig"}) and process map of the hepatitis B screening process ([figure 3C](#F3){ref-type="fig"}). Opportunities for improvement included education, appropriate and timely recognition of at-risk patients, and building standardisation and automation into the current processes.

![Analytic tools to design and measure improvements. (A) Failure mode analysis for hepatitis B screening. (B) Pareto chart demonstrating the most common hepatitis B screening process failures within the inflammatory bowel disease (IBD) and rheumatology population. (C) Hepatitis B screening/immunisation process map.](bmjoq-2017-000092f03){#F3}

The main interventions included re-screening/pre-screening infliximab infusion patients, creation and implementation of a fact sheet on HBV reactivation prevention (which included a standardised algorithm), Epic build of an automated list to identify at-risk patients, and the creation and implementation of a health maintenance previsit planning (PVP) form to be used in our cohort of infliximab infusion patients and ultimately all clinic patients. Prior to beginning the above interventions, early plan--do--study--act (PDSAs) were completed using education/information sessions with GI/rheumatology medical providers to increase their knowledge regarding the improvement project goals and objectives. These sessions were repeated periodically throughout the 6-month timeline of the project and repeated or altered if gaps in medical providers' understanding of the project objectives were identified.

The backbone of the HBV screening process for our patients on infliximab therapy is founded in the integration of multiple PDSAs which worked well as a bundle (education, automated list, previsit order entry) and has led to the development of an automated system to be incorporated into routine clinical practice through PVP. This PVP process ensures that these patients are properly screened for HBV in a timely manner, even prior to being started on immunosuppressive medications if possible, and has allowed hepatitis B screening to be incorporated with other health maintenance supervision elements. These changes were developed over a series of 6 months and are now automated and sustainable.

Strategy {#s5}
========

PDSAs were performed over the course of this study to help better achieve and sustain our SMART aim.

Education {#s5a}
---------

Information session within the Divisions of Pediatric Gastroenterology and Rheumatology at the CCHMC during one of their respective Grand Rounds morning educational conferences. The prediction prior to implementation of the PDSA was that buy-in for the project would be achieved by the majority of the audience members. While education was a necessary first step, this was insufficient (and has been insufficient in the past) to expect a significant sustainable change in clinical practice without other interventions. This PDSA was 'adopted' and was used in intervals during the beginning of the hepatitis B screening initiative as needed.

Reminder emails/reflex entry {#s5b}
----------------------------

Beginning with a small subset of patients (patients receiving infliximab only), labs were reviewed prior to infusion encounters and if hepatitis B titres were needed, reminder emails were sent to providers notifying them what each patient needed in order to have a complete screening performed. Physicians were asked to order labs themselves, but we offered them an 'opt-out' order entry so that if they did not notify the team otherwise, the orders would be placed on their behalf. This PDSA was effective during the early phases of the initiative, but was not sustainable due to the time and number of personnel required to complete the data collection and reminder emails each week. Ultimately the reminder emails were 'adapted' to remind only and did not include reflex order entry. This was more sustainable (and orders were still placed by primary physicians after buy-in was improved) but still needed to be adapted to a more sustainable reminder that did not include manual emails.

Order sets {#s5c}
----------

In order to ensure appropriate laboratory tests being ordered, outpatient and infusion order sets were updated with appropriate labs. As physicians assumed more responsibility, this has assured that the correct labs were being ordered but did not directly affect per cent of patients screened. It was adopted as a necessary step for complete order entry.

EMR build of an automated report identifying patients needing hepatitis B titres {#s5d}
--------------------------------------------------------------------------------

In order to identify patients more rapidly and offset the manual work being required to identify patients, automated reports of patients in need of hepatitis B immunity screening or immunisation were developed. This allowed rapid weekly identification of patients in need of labs or immunisations. This was adopted as a necessary intervention for identification of patients, but was again believed that some 'adaptation' would be necessary prior to scaling up to include all clinic patients.

Fact sheet and screening/immunisation algorithm {#s5e}
-----------------------------------------------

After initial hepatitis B screening began, we identified a gap in provider knowledge about how and when to provide subsequent hepatitis B vaccines. In order to meet this need, a 'fact sheet', as well as 'talking points' surrounding hepatitis B vaccination and immunity, were created for providers and nurses. While this did not affect the run chart directly, provider and nurse comfort level did seem to improve and led to more independent order entry of labs and subsequent vaccines.

Results {#s6}
=======

We have seen a substantial improvement in the percentage of patients receiving infliximab who were documented to have received complete hepatitis B screening, increasing from 0% to almost 90% ([figure 4](#F4){ref-type="fig"}). We identified a substantial number of at-risk patients during this time with up to 71% of screened patients with IBD not showing immunity at the time of initial screening. Of these patients, 66% subsequently received a dose of either licensed single-antigen hepatitis B vaccine (Engerix-B or Recombivax HB). At this time, roughly 50% of these patients with IBD sero-converted after receiving a hepatitis B vaccine. It is important to note that \~34% of the patients with IBD that received a vaccine have not yet had a postvaccine anti-HBs measured; therefore, the percentage of patients with IBD that have sero-converted after receiving a hepatitis B vaccine in our cohort is likely to be higher than 50%. Further work will continue to evaluate the success of immunisation in these patients and will be expanded to patients who may not have initiated immunosuppressive medications like infliximab, which may result in reduced responsiveness to the vaccine.

![Run chart demonstrating the per cent of patients with inflammatory bowel disease and rheumatology on infliximab fully screened for hepatitis B from October 2015 to April 2016. PDSA, plan--do--study--act.](bmjoq-2017-000092f04){#F4}

Lessons and limitations {#s7}
=======================

One of the major limitations encountered in the system revolved around difficulty integrating knowledge of guidelines for immunisation screenings into daily clinical care. Repeated exposure with information, simplified processes and reminders, as well as simplifying order entry have all helped with buy-in and are now a part of expected and routine care within the GI and rheumatology divisions.

Another major limitation surrounded the lack of automated processes. Successful PDSAs reduced cumbersome extra steps, eliminated the need for providers or patients to recall steps on their own and allowed for automated process completion rather than manual work. At the completion of the hepatitis B improvement work, there remain a number of steps that are not automated and include automatic order entry by clinic staff (which has been beneficial for other vaccine projects in our clinics), as well as communication with primary physician regarding vaccine administration which will continue to be part of future work. While this project achieved its aim, the weekly patient identification and screenings, automated patient lists, easy-to-use order sets and immunisation algorithms have served as a starting point for other work aimed at centralising and incorporating other health maintenance improvement projects into one simple process for all patients at every planned encounter.

Conclusions {#s8}
===========

We demonstrated that by providing education and achieving consensus surrounding hepatitis B screening, automating processes and simplifying algorithms for testing and order entry, we could improve the implementation of recommended screening guidelines for hepatitis B immunity in at-risk patients receiving infliximab in paediatric IBD and rheumatic disease populations. Subsequent work is being developed using PDSAs from the hepatitis B screening process including previsit automated patient identification, and screening and vaccination algorithm. We will continue to work to integrate this work with other ongoing improvement projects in an effort to create a centralised and automated health maintenance supervision process for our clinic and infusion visits.
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